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ABSTRACT 



OBJECTIVES. Meningococcal disease condnucs to result in substantial morbidity and 
monaliiy in children, bui there is limited recem surveillance inlormaiion regard- 
ing sero group disLribuLion and outcome in children in the United States, The 
objecLivc of this study was to collea demographic, clinicaL laboratory, and out- 
come information for infants and children who had Neisseria meningitidis infccrions 
of various serogroups and were cared lor in 10 pediatric hospital. 

METHODS. Ihvesiigatdrs at each of the participating hospitals identified cliildren with 
nteningococcai infections and coUeaed demographic and dinical informaiion us- 
ing a standard data form. Meningococcal isolates were sent lo a central laboratory 
for serogrouping by slide agglutination and penicillin susccjidbility. 

RCSULTS. From January 1, 2001, through March 15, 2005, 159 episodes of systemic 
meningococcal infections were detected. The greatest numbers of children were 
younger than 12 monUis {n - 41) or were 12 to 24 months of age {n = 22). 
Meningiiis was the most common clinical manifestation of disease accounting for 
112 (70%) cases; 43 (27%) children had bacteremia otrly. Children who were 
younger than 5 years (17 of 102) were significantly less likely io require mechan- 
ical ventilation than children who were 5 to 10 yeai? of age (12 of 24) or children 
who were older than 10 years (13 of 35). Overall, 55 (44%) isolates were 
serogroup B. 32 (26%) were serogroup and 27 (22% ) were serogroup Y. All but 
1 isolate (intermediate) were suscepDble to penicillin. The overall mortality rate 
was 8% (13 of 159) but was greater lor children who were ^11 years of age (7 
[2l.2%] of 33) than for children who were younger than 11 years (6 [4.8%] of 
126). Unilateral or bilateral hearing loss ocairred in 14 (12.5%) of 112 children 
with meningitis. 
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CONCLUSIONS. The morbidity and ihe monality of menin- 
gococcal infcctioTis are subsiantial. With the recent li- 
censure of meningococcal conjugate vaccines, our base- 
line irends in meningococcal disease can be compared 
with those seen {jfter widespread vacdnaUon to assess 
the success of routine immunizadun. 



EACH YHAK -1400 10 2800 cases of meningococcal 
disease occur in the United States; the most current 
estiniate is that 2240 cases occurred in 200IJ Children 
who are younger than 1 year have the highest age- 
specific incidence^ and another shght peak occurs start- 
ing at adolescence.*-^ There has been onJy a single gen- 
eral repon describing invasive meningococcal inlections 
ill children in the United States since the mid-1990s.' 
Other publicanons have presented 5ingle-site or -city/ 
county data ranging as far back as 1981 through 1997,*-* 
The most current inlorination^ reported Irom Arkansas 
in 2002, covered a 12-year span that ended in 2000.' 

In anticipation of the licensure and routine use of 
conjugate meningococcal vacdnes in the United States, 
1 o children's hospitals organized a meningococcal sur- 
veillance network to monitor invasive meningococcal 
infections in childrer^. This report describes 51.5 consec- 
utive months of surveillance that immediately preceded 
the date on wliich the letravaleni meningococcal conju- 
gate vaccine (Menecira; Sanpfi Pasteur, SwilLwatcr, PA) 
tirst was available for administration (March 1 5, 200^). 



METHODS 

The US Mulricenier Meningococcal Siurveillance Study 
Group is composed of investigators from ID children's 
hospitals in the United States. Investigators identified all 
children who were seen at iheir insiimtion with sys- 
temic infections that were caused by Neisseria meningiti- 
dvi. Systemic infections were defined by isolation of the 
organism from a sterile body site, such as cerebrospinal 
fluid (CSF). bloody pleural fluid, or joint fluid. Menin- 
gococcal meningitis was defined as either a CSF culture 
or rapid antigen, test (1 child with CSF white blood cell 
cotmi = 320/mm^) that was positive ioi N meningitidis or 
a CSF plcocytosis (>5 white blood cells per mm^) plus a 
blood culture positive for N meningitidis. Bacteremia was 
considered acute, lulminant, occult^ or chvotiic ai the 
discretion of the investigator. Pneumonia was defined as 
a positive blood culture in a child with a chest radio- 
graph consistent with pneumonia. The study period was 
Crom January 1, 2001, ihrougli March 15. 2005. A stan- 
dard data form that Included demogiapluc and clinical 
information and outcome was completed retrospectively 
for each infeaious episode. Patient information was en- 
tered into a computerized database that was maintained 
at Baylor College of Medicine. Hypotension for age on 
admission was as defined using the Glasgow meningo- 



coccal septicemia prognostic score.' Fever was defined as 
a temperature that exceeded I00-4=F regardless nf site. 
The institutional review board at each center approved 
this study. 

Meningococcal isolates were identified by standard 
methods in the microbiology laboratories of each hospi- 
tal and were sent to a central laboratory (Infectious 
Disease Research Laboratory, Texas Children's Hospital. 
Houston, TX), where ihey were stored frozen in Dorset 
egg medium. Isolates were serogrouped (A, B, C, or 
W-135) by slide agglutination using antisera from Dlfco 
(Detroit, MI). Serogroup dererminarion by the local or 
state health deparunenis was used (w = 8) when isolates 
were not available for rctcsting in Houston. Serogroup 
was not determined for 35 isolates. Antimicrobial sus* 
ceptibUities were performed by microbroth dilution us- 
ing cation-adjusiedMueller-Hinion broth with 3% lysed 
horse blood. Susceptibility categories were susceptible 
(penidllin minimum inhibitory concentration [MIC]: 
S0.06 ^ig/mL; ceftriaxone MIC: ^0.12 /ig/raL), interme- 
diate (penidllin MIC: 0.12-0.25 Mg/mlj ceftriaxone MIC 
not defined), or resistant (penidllia MIC ^0.5 /i,g/mL; 
celiriaxone MIC not defined) as defined by the 2005 
Committee for Clicucal Laboratory Standards Institute.^ 
Dichotomous variables were assessed by Fisher's ex- 
act test, or log-likelihoud using true £pbtat (fpistat 2 
Services, Richardson, TX). 



RESULTS 

J3uiing the 51.5-month surveillance periods 159 epi- 
sodes of systemic meningococcal infections occurred. Al- 
most all infections were ecmfirmed by culture. The age 
distribution of the patients is shown in Fig 1. The great- 
est numbers of children were younger than 12 months 
[n = 41) followed by 12 to 24 months of age (n — 22). 
Two (1.3%) patients were ^30 days of age (16 days old 
wiih meningius; 29 days old with bacteremia). Sixty-six 
percent of children were ^5 years of age. The numbers 
uf children decreased with age until 8 years of age, when 
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a slight increase oconred, peaked at 11 years^ and de- 
dining again through 16 years of age. Ninety-six (60%) 
children were male. Eighty-six patients were white, 30 
were Hispanic 25 were blacks and 10 were other; m 8 
cases, the race /ethnicity was unkno^vn. 

An underlying condition was present in on]y 9 
(5,6%) patients (complement deficiency detected as a 
result of the meningococcal infection \2], sickle cell dis- 
ease (2j, congenital hydrocephalus [1], ventricular sep- 
tal delect [1], lung transplant for cystic fibrosis [1], au- 
toimmune hepatitis [1], and prematurity [1]). One 
patient (19 years of age) received the meningococcal 
polysaccharide vaccine 1.5 years before onset ol thL> 
infection (serogroup B). Three secondary cases of me- 
ningococcal disease were identified in ihe daughter of a 
baby-sitter, a household contact, and a patient in close 
proxinxiiy in the ICU. 

Focus of Infection 

Meningiiis was the most common manifestation of in- 
vasive meningococciil infeaion, accounung for 112 
(70%) cases. (Tabic 1) Forty-three (27%) children had 
bacteiemia alone (acute: 30; fulminant; 7; and occult: 6). 
Four children had pneumonia; 1 fatal case was compli- 
caied by empyema. One paiieni had septic anhriris. Se- 
lected clinical and laboratory feanives, including CSF 
results^ based on age are shown in Tables 2 and 3. 
Children who were ^5 years of age were significantly 
more likely to be neutropenic (absolute neutrophil plus 
band count ^1500/mm'') on admission than older chil- 
dren {P = ,007), 

Overall. 42 (26%) children required mechaTij.cal ven- 
tilation and 52 (33%) received vasopressors. Children 
who were younger than 5 years (17 of 102) were signif- 
icantly less likely (P < .001) to require mechanical ven- 
tilation than children who were 5 to 10 years of age (12 
of 24) OT children who were older than 10 years (1 3 of 
33). The mean duration of fever after antibiotics were 
initiated was 1.9 days (range: 0-14 days); 90% of pa- 
tients were alebrilc by day 5. 

Twenty-nine children received dexamethasonc, and 
m those with meningids^ dexamethasone was adminis- 
tered to 22 (20%) of 112. Protein C was administered to 
9 children; 1 received recombinant bactericidal perme- 
ability increasing protein (rBFIji). 



^ |rA|||^!| t>i stribu tion of Ages and Site of InfectiDn for Children With 



Meningococcai Infections 



Diagnosis 


*5y 


6-lOy 


>10y 


Meningitis 


72 


15 


25 


^saeremia alono 


32 


4 


6 




1 


2 


2 



^pnr MiUtihi and pneumonia. 



TAB^^r] Selected dlnlcd and Laboratory Features In Children With 

Meningococcal infections According to Age at Admission 
to the Hospital 



Features 






6-lOy 


>10y 






- 105) (n = 21) 


(n = 33) 


Pcrechke 




S7» 


13 


17 


Purpura 




36 


11 


13 


Hypotension 




13 


0 


3 


Ptatdet count < 1 00 OOO/mm^ 




5 


1 


3 


Absoluce neuTfOphll count <lS00/mrri3 




0 


0 


^ Atwliice number. 










^ P = i)07 by log-4ikEtiiicod lesL 










itABLE^ CSF results In 109 Children With MeningocDccBl 
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CSFParam«fter 






6-10 y 


>10y 




Ch = 72) 




tn = l5) 


(n = 25) 


Whice blood cells, per mm^ 










Mean 


3504 




7209 


67fl2 


Median 


1400 




3012 


4450 


Range 


1-18250 




751 -SO ODD 


fi-28500 


%PMN5 










Mean ^ SO 


81 ±21 




90±13 


86±22 


Msdifin 


87 




94 


91 


Range 


4-100 




50-99 


1-109 


Glucose, mg/dL 










Mean 


53 




34 


35 


Median 


38 




42 


36 


R^iigf^ 






1-B9 


1-73 


Protpin, mg/dL 










Mean 


204 




425 


3B1 


Median 


144 




414 


. 259 


Range 


11-871 




58-924 


20-1379 


Gram-5tain positive 












36(57) 




11(73} 


17(74) 


No. of patterns 






0 





PMNs mdicare^ poiyniorphonvdeai ncuCroph'b. 
•* Number ofpaCicnlswilli rsfults not available. 



Serog roups and Antibiotic Susceptibility 

The disiribuiion of meningococcal serogToups is shown 
in Tabic 4. Overoll, 55 (44%) isolates were serogroup B, 
32 (26%) were serogroup C, and 27 (22%) were sero- 
group Y, Serogroups A and W-135 accounted for 1 Iso- 
late each^ and 8 isolates could not be serogrouped. Thir- 
ly-Iive isolates were unavailable for typing. Tliere were 



T'^^^ Dl5iHbucion of Meningococcal 5erogroup5 and of 
Children With InfeciJont Camed by NmeningUidis 



Age, y Menlnflococcal Serogroups Nontypeable 





B 


C 


Y 


W135 


A 




<1 


19 


4 


9 


0 


1 


4 


1-5 


20 


15 


10 


0 


0 


4 


6-10 


6 


5 


3 


0 


0 


0 


>10 


10 


8 


5 


1 


0 


0 


Total 


55 


32 


27 


1 


1 


8 



Serogroup was unknown fta 5, 7, «ind 9 Isdaics fiom children <1, 1 to 5. 6 ed la and >10 
of .ifpi. tftp«tfully. 



-^^^^K^ ... PEDIWHICSyolumelJB, Number 4. October 2006 e901 

• Downloaded nioin www, pediatncs.org at Sanofi Pasteur on June 12, 2(j08 

PAGE 17130 ' RCVD AT mm 7:57:01 PM [Eastern Daylight Time] ' SVR:USPT0-EF)(RF^/21 ' DNIS:27383I)0 ' CSID:S70 895 2702 ' DURATION (min-ss):1246 



06/12/08 19:13 FAl 570 895 2702 



A^^NTIS KNERR 



@1018/030 



no dilfcrences in the disnibuiion of serogroups for the 
age cairgorics shown iix Table 4 or for the sire of infec- 
tion. The isolates from the 3 children with pneumonia 
were serogroup C for 2 and unknown for 1. 

The distribution of penicillin MICs lor the available 
isolates was 0-008 Mg/mL in 45. 0.015 ^ig/mL in 26, 0.03 ' 
/ig/rtlL in 4, and 0.06 /ig/mL in 2. The MIC for 1 isobte 
was 0.125 ^.gJmL, which was defined as inienncdiaLC 
suscepribility. All isolates were susceptible lo ceftriax- 
one. 



Outcome 

The monaliiy rate for all patients with invasive infec- 
tions was 8% (13 of 159), The monality rare was greater 
for children who were ^11 years of age (7 [21.2%] of 
33) than for children who were younger than II years 
(6 of 126 [4.8%]; relative risk: 3-0; 95% confidence 
Interval: 1.6-5.6; P < .001). Mortality in the 3 age 
groups of s5 years, 6 lo 10 years, and >10 years was 4 
(3.8%) of 105, 2 (9.5%) of 2.1, and 7 (2]. 2%) of 33, 
respectively {P = .01). Of the 13 patients who died, 9 
had meningitis. Including 1 that was associated with 
Mmlnant baaeremia. and 4 had fulminant bacteremia 
alone. There was no significani difference In monality 
rates lor children with meningitis (9 of 1 12) versus those 
with baaeremia alone (4 of 43)". The serogroups of the 
isolates from the children who died were B (5). C (3)r Y 
(1), noniypeable (1), and unknown (3). There was no 
association between mortality and serogroup. Four chil- 
dren died on the day of admissioru 3 on day 1, 4 on day 
2, and 1 each on days 8 and 10. 

Sequelae that were observed in the hospital are 
shown in Table 5. Hearing loss occurred in 14 children 
(all ^10 years of age; 8 ^2 years of age), or 12.5% of 
those with meningitis. Skin necrosis (« = 13; 9 ^4 years 
of age) with some requirements for grafting was the 
second most common sequeb. Two children had ampu- 
tations. Three chUdren had vasculitis, and i had pericar- 
ditis, all considered manifc^dons of tmmune complex 
disease by the site investigator. 



r;||LABl£^ Sequelae of MeningococcaJ Infection in 146 Surviving 
children During or After HospitaliZatioR 



Sequelae n 

Ampuiaiion in, 
Skin necrosis 14 
Skin gr?ft 4 
Seizures after admissron 9 
Unilajeral deafness 6 
Bilateral deafness 8 
Ataxia 4 
Hemiplegia 3 

"•Toes. 



DISCUSSION 

In anticipation of ihc licensure of a meningococcal pro- 
tein conjugate vocdne in the United Sraies, a 10-ceiiicr 
pediatric surveillance study was organized to monitor 
incningococcal infections in children. To om* knowledge, 
these findings represent the most up-to-date information 
for meningococcal disease in childrcm in ihc Oniccd States. 

During the 51.5 monihs of surveillance, 159 invasive 
cases were identified. Meningococcal disease remains 
most common in children who are younger than 2 years, 
but we also noted an increase in the niunbcr o! patients 
beginning ai 8 years of age, similar to previous reports 
Two infants who were younger than 1 month were 
identified, accounting for 5% of 41 cases in the first year 
o£ life. Shepard ct aV^ reported that the rate of neonatal 
meningococcal infection in the United States was Similar 
lo that in 6- to 23-month-old children. 

Unlike invasive pneiunococcal infections, in whidi 
'"25% of childitm have an underlying medical condi- 
tion/' only 5-7% of the patients with meningococcal 
disease had some imderlying illness. These findings are 
consistent willi iliose ol SLovall and Schutzc.-^ Most pa- 
tients had meningitis in this study, as has been the case 
for other pediatric studies. However, wc did not find 
any difference in the distribution of the site of hifection 
on the basts of age. Mechanical ventilaiion and the ad- 
ininisiration of vasopressors commonly were required: 
mechanical ventiladon was required significantly (i' < 
.004) more often in older children. 

Skin necrosis occurred in 9,4% (15 of 139) of the 
children with invasive infeaions; 4 (2.6%) required skin 
grafts. Two children had ampuLaiionS ( 1 lost 4 limbs, and 
1 had toe losses). Tlaese rates are very similar to those 
found by earlier investigations. Unilateral or bilateral 
hearing loss occurred in 14 (12.5%) of 112 patients with 
mcningids, a rate very similar lo repons from almost 25 
years ago.*- 

There was a relatively even distribution of serogroups 
C, and Y In children in this study, as has been the case 
for patients In the United States since 1996J * The 
current meningococcal conjugate vacdnc licensed in the 
Uniied States contains poly.saccbarides for serogroups A, 
C, Y, and W-133 and would provide protection against 
more than half of the isolates that were recovered in this 
study. It is of interest liiat the only isolates that could not 
be serogrouped were from children who were younger 
than 5 years. 

In 2005, the Clinical Laboratories Standards Institute 
developed breakpoints for interpreting MICs for isolates 
i)i N meningitidis.^ Susceptibility lO penicillin is decreasing 
among meningococcal isolates in several areas of the 
world. •'^ However, only 1 penicillin-intermediate and no 
penicillin -resistant meningococcal isolates were encoun- 
tered in this study. 

The overall mortality of ft% in our study wps very 
Similar to that reported by others/'^'* However, we did 
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find ihat mortality was greater for older children, some- 
thing ihai was not addressed in these other studies. 
Wong et al" from Los Angeles reponed diat the mean age 
of 10 children wid.1 fatal meningococcal infccdon was 17.1 
vs 33.2 months for the 90 nonftitol cases (P > .05). 

Although surprising, these monality rales arc not 
much diflereni from those reported ^20 years ago de- 
spite the medical expertise and technology thoc are avail- 
able in modem PIGUs.^^ Novel adjuncuve measures such 
as rBFl2i or recombinant human activated protein C did 
not influence mortality, although rBPUi was associated 
with fewer complications of meningococcal disease in a 
randomized ixlal.^ " A recent randomized trial of rccom- 
binani human activated protein C in pediatric sepsis was 
stopped early because the improvement over placebo in 
the primary end point (composite lime to complete or- 
gan resolution over 14 days) was not likely to be dem- 
onstrated and there were safety concerns related to in- 
creased intra cranial bleeding in the activated protein C 
arm.^ Therefore, the importance of preventing menin- 
gococcal disease is emphasized further. 

However, because cases are limited to paiicnts who 
were seen at children's hospitals, our findings might be 
biased. The number of paUents who were older than 1 5 
years may not be reflective of the overall burden of 
disease in this age group because these pariencs are not 
as likely to be referred lo a children's hospital dian are 
younger children. In addition, the severity of disease 
may be overestimated if children with relatively mild 
inlections arc not referred to tertiary children's hospitals. 

In other countries, where the serogroup C conjugaie 
meningococcal vaccine has been used routinely in in- 
fants for several years^ the number of serogroup C cases 
has declined almost 80% among immunized childreUt 
and substantial herd protection has been observed for 
luiimmunized cliildrcn.^"" as the age for which the 
conjugate meningococcal vacdnes is recommended de- 
clines in the United Siaies. the total ninnbcr of invasive 
meningococcal infections and related mortality should 
dedlae considerably. However, the absence of an effec- 
tive serogroup B meningococcal component vvill 
dampen the impaa of vaccine efficacy. Therefore, con- 
tinued surveillance of invasive meningococcal infeatons 
in children will be critical to assess the success of routine 
inmiunization of children with conjugate meningococcal 
vaccines as well as to monitor for possible serogroup 
replacement, which has not been an issue so far in the 
United Kingdom and other countries where the conju- 
gate meningococcal vacdnc has been provided routinely 
to children for many years. 
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